Human papillomavirus (HPV) has been linked with development of oropharyngeal squamous cell carcinoma, a subset of head and neck cancer (HNC). This study aimed to evaluate the association between HPV infection and subsequent development of HNC and to report epidemiological information in Taiwan. This population-based cohort study retrieved patient data from the longitudinal health insurance database (LHID) of Taiwan's National Health Insurance Research Database (NHIRD) from 2005 to 2010 and analyzed it retrospectively. The crude incidence rate and incidence rate ratios with 95% confidence intervals of HNC were estimated in patients with and without HPV infection. A time-toevent analysis was conducted and multiple regression analysis was performed to identify factors associated with HNC in HPVinfected patients, including age at baseline, sex, and comorbidities.
Introduction
Human papillomavirus (HPV) has a causal role in the development of oropharyngeal squamous cell carcinoma (OPSCC). [1, 2] HPV-associated OPSCC is an etiologically distinct subset of head and neck cancer (HNC) that is differentiated by unique clinical, epidemiological, and molecular characteristics, as well as diagnostic and prognostic factors that differ from cancers not associated with HPV. [1, [3] [4] [5] Patients with HPV-associated HNC were reported to be usually younger and male and present with later-stage tumors than those with tumors not associated with HPV infection. [1] Although the natural disease course of HPV-related HNC is not yet clear, investigators have postulated that a subclinical HPV infection may be present in the oral cavity for decades before cancer develops. [3] Associations have been shown between HPV genotypes and abnormal cytology. An investigation of HPV genotypes in Thai women with high-grade squamous intraepithelial lesions and invasive cervical cancer found that HPV-58, a unique high-risk genotype, was most prevalent and that HPV-16, -18, -33, and -68 genotypes were all high-risk and with high distribution in women with these cancer types. [6] In northern Taiwan, HPV-52 was the most frequent type in all age groups and over 56% of HPV-positive patients had 1 or more of the 4 most common HPV genotypes: HPV-52, -16, 58, and -56. [7] Also in Taiwan, high-risk HPV 16/18 was more frequently detected in association with lung tumors in females compared with males. [8] A study among African women showed that 67.7% of HPV-16 and -18 were associated with abnormal cytology, especially cervical neoplasias. [9] Potent carcinogenicity has also been associated with HPV subtypes 16 and 18 as well as p16 expression in oropharyngeal cancer, with possible racial/ethnic differences. [10] [11] [12] Results of these studies suggest that differences in geography, culture, or both may affect the local epidemiology of HPV infection and subsequent risk of acquiring HNC. [1, 13] The epidemiology of HPV-related oral squamous cell carcinomas is said to be evolving and studies are needed to explore the natural history of HPV infection, especially oral HPV, and associations with HPV-associated HNC, so that strategies for prevention can be developed. [14] Taiwan has one of the highest incidences of HNC worldwide. [15] While central European countries and Latin American countries are shown to have a low prevalence of HPV-associated HNC, [16] studies in Western countries show a decline in overall HNC incidence but an increase in cases of HPV-related HNC. [15] In Taiwan, however, both the overall incidence of HNC and HPVassociated HNC are reported to be rising continuously. [15] Considering the high incidence of both HNC and HPV-associated HNC in Taiwan, we hypothesized that population-based analysis may reveal epidemiological trends between age, gender, and other factors and the development of HNC in HPV-infected individuals in Taiwan. Therefore, the present study aimed to evaluate associations between HPV infection and subsequent HNC and to report HPVand HNC-related epidemiological information in Taiwan.
Methods

Study design and ethical considerations
We conducted a population-based cohort study using patient data from Taiwan's National Health Insurance Research Database (NHIRD) from 2005 to 2010 to explore the association between HPV and subsequent HNC development and to collect HPV-and HNC-related epidemiological information in Taiwan. The study protocol was reviewed and approved by the Internal Review Board of Tungs' Taichung MetroHarbor Hospital (#TTMHH-R0001). All patient data from the NHIRD were deidentified and therefore signed informed consent was waived.
Study sample and data collection
All patient data for this study were retrieved from the national longitudinal health insurance database (LHID) of the NHIRD from 2005 to 2010. The NHIRD in Taiwan provides insurance coverage for 23 million registered patients, representing 99% of the entire national population. Other studies in Taiwan have used the NHIRD to explore associations between various factors and certain disease states. [17, 18] A total of 1,091,307 patients were enrolled in this study, of which 25,653 HPV infected patients and 1,065,654 noninfected patients were divided into an HPV exposure group and a control cohort and were followed from 2005 to 2010 until the occurrence of HNC or death. Initially, we excluded patients who were younger than 30 years of age in 2005 (n = 868,600) and who were missing demographic data (n = 20). We then excluded patients who had been previously diagnosed with HNC from January 2001 to December 2004. Finally, 25,520 HPV-infected and 1,061,817 non-HPV-infected patients were included in the analysis (Fig. 1 
Statistical analysis
A 2-tailed t test was used to compare differences between continuous variables, and a x 2 test was used to compare nominal variables. The crude incidence rate (per 1000 person-months) was computed, and the incidence rate ratios (IRR) with 95% confidence intervals (CI) were estimated in a univariate Poisson regression model. A time-to-event analysis was conducted for the long-term follow-up that included the date of HNC onset if such occurred. All individuals received follow-up from January 2005. Follow-up was deemed to be concluded if a patient had withdrawn, in the case of death, or at the end of the study (December 2010). Kaplan-Meier survival curves and multiple Cox proportional hazard regression models were used to estimate the risk of HNC.
For the Cox multiple regression analysis conducted to estimate risk of HNC after HPV exposure, the model was adjusted for confounding factors, including age at baseline, sex, income, the area of residence, and comorbidities such as chronic obstructive pulmonary disease (COPD, ICD-9-CM codes 492-496), ischemic heart disease (ICD-9-CM codes 411, 413, and 414), hypertension (ICD-9-CM code 401), diabetes mellitus (ICD-9-CM code 250), ischemic stroke (ICD-9-CM codes 433, 434, and 436), liver disease (ICD-9-CM code 571), and renal disease (ICD-9-CM codes 580-589). All statistical analyses were performed using SAS software (version 9.4, SAS Institute Inc, Cary, NC). A 2-tailed P of < .05 was considered statistically significant.
Results
This study included 25,520 HPV-infected individuals in the patient cohort and 1,061,817 non-HPV-infected patients in the comparison cohort. No significant differences were found in age between the HPV-infected and noninfected patients (49.20 ± 14.34 years vs 49.09 ± 13.82 years, respectively). The HPVinfected group had a significantly higher proportion of females than the noninfected group (55.80% vs 50.66%, respectively; P < .0001). A slightly higher percentage of patients had a specific comorbidity in the infected group than in the noninfected group, including COPD (12.54% vs 9.43%, respectively), ischemic heart disease (14.22% vs 10.51%, respectively), hypertension (22.40% vs 19.54%, respectively), liver disease (22.88% vs 16.17%, respectively), and renal disease (7.14% vs 5.39%, respectively). The significance of some factors may be attributed to the large sample size of both groups (Table 1) . Table 2 shows the incidence rates (per 10 5 person-months) for HNC and the IRR for the HPV-infected and noninfected individuals stratified by sex. For males, the incidence rate of HNC was 11.49 and 11.38 per 10 5 person-months in the HPVinfected and uninfected groups, respectively, and the IRR was 1.01 (95% CI 0.81-1.26) for HPV infection. For females, the incidence rate of HNC was 5.83 and 3.90 per 10 5 person-months in the HPV-infected and noninfected groups, respectively, and the IRR was 1.50 (95% CI 1.15-1.95) for HPV infection. Figures 2  and 3 show the cumulative incidence rates for HNC in males and females, respectively.
Estimations of hazard ratios (HR) for HNC were conducted using multiple Cox proportional hazard regression models. After adjusting for age, low income, the area of residence, and comorbidities, HPV infection was significantly associated with HNC in females (HR = 1.520, 95% CI 1.166-1.981), (Supplemental Figure, http://links.lww.com/MD/C844). However, no significant associations were found between HPV infection and HNC for males (HR = 1.000, 95% CI 0.815-1.228). Other potential risk factors for HNC included the area of residence for both sexes, diabetes mellitus for males, liver disease for males, and COPD for females (Table 3) .
Discussion
This study aimed to evaluate associations between HPV infection and subsequent HNC development and found significantly more females with HNC in the HPV-infected group than in the noninfected group. Regression analysis identified a significant association between HPV infection and subsequent HNC in Taiwanese females but the same association was not found in males. Both similar and contrasting results have been found in other studies in Taiwan. In a study by Lin et al [19] involving patients with lung cancer in Taiwan, a difference between males and females was also observed for the risk of HPV infection and Taiwanese women who were exposed to HPV had a higher risk of lung cancer. However, in another study involving patients with lung cancer in Taiwan, Cheng et al [8] found a higher HPV6 prevalence in male patients than in female patients. Moreover, a previous study by de Martel et al [20] assessing data from the GLOBOCAN 2012 and Cancer of Five Continents databases found that the attributable fraction of all HPV-associated cancers in China, including HNC, cervical, uterine, and anal cancer, was 5.4% for females and 0.5% for males. In addition, one of the most extensive continuous population-based studies worldwide was conducted in the United States (the National Health and Nutrition Examination Survey) and analysis of data from that study demonstrated a prevalence of 6.9% (range, 5.7%-8.3%) for oral HPV, with significant differences between males (10.1%; range, 8.3%-12.3%) and females (3.6%; range, 2.6-5.0). [3] In a Canadian study of 460 HNC patients from 4 different hospitals and 458 controls, Farsi et al [1] reported that patients with HPV-associated HNC are usually younger and male and that these patients present with smaller, later-stage tumors with a better prognosis than those with tumors not associated with HPV. [1] Gender differences may be associated with HPV status and type, route of HPV infection, and regional prevalence of HPV. Another study suggested that HPV-related tumors appear to affect certain ages, genders, and racial/ethnic groups disproportionately, which may indicate different disease processes for the HPV-associated tumors than in non-HPVassociated tumors. [21] Clearly, further investigation of possible associations between HPV-associated HNC and these variable factors of HPV are warranted in the future.
This study found no significant differences in age between the HPV-infected and noninfected groups. However, this finding differs from those in other published studies where age differences were shown to be associated with HPV-associated HNC development. In an article by Gillison et al, [22] HPV-related HNCs were generally more prevalent in younger patients. Further, Farsi et al [1] also determined that patients with HPVrelated HNC are usually younger and male.
In the present study, the cumulative incidence of HNC was significantly higher for females with HPV than those without HPV and risk was also higher. However, no significant difference in cumulative incidence was determined for males with or without HPV. Development of HNC also appears to differ according to individual lifestyle habits, area of residence, and other factors in addition to the presence or absence of HPV. Farsi et al [1] demonstrated that the effects of heavy smoking and drinking by individuals with HPV16 infection significantly increased the risk of HNC. However, the incidence of HNC has been increasing worldwide despite a decline in tobacco use that has been attributed to the growing prevalence of oncogenic strains of HPV in the oral cavity. [14] Udager and McHugh [4] reported that tobacco and alcohol-associated HNC is generally seen in older males. Registrybased studies from Western countries show that HPV incidence has decreased along with the decline in tobacco use; however, the overall incidence of HPV-related HNC has increased. [21] In Taiwan, Hwang et al [15] used data from the Taiwan Cancer Registry to show that the overall incidence of HNC has continued to climb, and the greatest increase was observed in HPV-related HNC. Table 2 Incidence of HNC in the HPV-infected and noninfected groups from 2005 to 2010.
HPV infection
No HPV = human papillomavirus, IRR = incidence rate ratio, SD = standard deviation. Categorical data are summarized as n (%).
Tsai et al. Medicine (2019) 98:7 Medicine
The clinical value of this study is its focus on obtaining epidemiological information on the subsequent development of HNC in patients with HPV infection in Taiwan, and the knowledge gained through our results, particularly about gender differences, may be of use in diagnosing and treating HPVassociated HNC in Taiwan as well as predicting outcomes. Our results suggest that HPV testing may provide useful predictive information and, along with other demographic and clinical information, may help to identify individuals at risk of developing HNC. In an epidemiological study of Taiwanese patients with oral cancer, HPV16, pathological stage T3/T4 and N1/N2, and extracapsular tumor spread were independent factors for overall survival; and patients infected with HPV had a shorter 5-year overall survival than patients without HPV infection (49% vs 80%; P < .021). [23] 
Limitations
This study used the NHIRD to collect data on patients with HPV infection in Taiwan who developed subsequent HNC but several inherent limitations are noted. The NHIRD does not report data pertaining to individual direct clinical laboratory data such as virus type or known risk factors such as smoking status, alcohol use, or family history. This is an essential limitation as a decrease in smoking and alcohol use has led to a reduction of smokingrelated HNC in some countries where public health-related Table 3 Multiple cox regression analysis of HPV and HNC stratified by sex. antismoking campaigns have been published. [24] However, the present analysis did include immunodeficiency-related comorbidities, diabetes mellitus, and liver and renal diseases. In addition, the prevalence of cases identified in our study using ICD-9 cases recorded in the LHID was lower than that found in other studies, suggesting that the present study may have the problem of misclassification; in particular, most HPV cases cannot be defined and such misclassification may result in underestimating correlations. We also grouped patients according to their baseline HPV status, which also may result in underestimating risk. We did not evaluate changes in diagnosis and treatment during the study period, which would be useful information when studying HNC in HPV-infected patients and remains to be explored in future studies.
Conclusions
Results of the present study reveal that significantly more females with HNC are present among HPV-infected individuals than among those without HPV infection in Taiwan, although no significant differences in age are found. Knowledge that a greater number of females develop HNC after HPV infection may help clinicians in the diagnosis, prognosis, and treatment of HPVassociated HNC in Taiwan.
